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(54) Secondary air supply apparatus and method for detecting abnormality thereof 



(57) A secondary air supply apparatus 
(11,12,13,14,10) controls emissions from an engine (2) 
through secondary combustion of combustible matters 
in exhaust gas accomplished by supplying air to an ex- 
haust pipe (21) upstream of an emission control device 
(22). A pressure behavior pattern (patterns 1 to 4) is de- 
termined from a pressure value detected by a pressure 



sensor disposed between an air pump (12) and an open- 
close valve (13), and a pressure variation value. The 
secondary air supply apparatus determines operational 
states of the air pump (12) and the open-close valve (1 3) 
based on variations of the pressure behavior pattern at 
the time of a secondary air supply control and at the time 
of a secondary air stop control. 
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Description 

BACKGROUND OF THE INVENTION 
1 Field of the Invention 

[0001] The invention relates to a secondary air supply apparatus for supplying secondary air to an upstream side of 
an emission control apparatus disposed in an exhaust system of an internal combustion engine and method for de- 
tecting an abnormality of the secondary air supply apparatus, more particularly, to a secondary air supply apparatus 
and method capable of detecting an abnormality of a component part of the apparatus. 

2. Description of the Related Art 

[0002] In a known emission control apparatus of an internal combustion engine, a three-way catalyst is disposed in 
an exhaust system in order to lessen the CO, HC and NOx components in exhaust gas. In a known technology for 
enhancing emission control, air is delivered by an air pump into a secondary air supply passage equipped with an 
open-close valve connected to an exhaust pipe, so that the secondary air supplied into the exhaust pipe increases the 
oxygen concentration and therefore causes oxidation of HC and CO in exhaust gas. 

[0003] If a component element of the secondary air supply apparatus, such as the air pump, the open-close valve, 
etc., has an abnormality, the exhaust gas cleaning efficiency will reduce, and emission will deteriorate. Therefore, it is 
necessary to determine such an abnormality at an early time. Known technologies for detecting an abnormality as 
mentioned above are, for example, a technology disclosed in Japanese Patent Application Laid-Open No. 9-21312, 
and a technology disclosed in Japanese Patent Application Laid-Open No. 9-125945. 

[0004] In the former technology, a pressure sensor is disposed between the open-close valve and the air pump in 
the secondary air supply passage, and the pressure value' detected by the sensor is used as a basis for detecting an 
abnormality in the secondary air supply apparatus. In the latter technology, a pressure sensor is disposed in the sec- 
ondary air supply passage, and an abnormality in the secondary air supply apparatus is detected on the basis of a 
difference between the detected maximum and minimum values of pressure pulsation. 

[0005] However, according to these technologies, although an abnormality of the secondary air supply apparatus 
can be detected, it is difficult to precisely determine which one of the component elements is abnormal. Furthermore, 
in the case of a malfunction where a component element does not normally function but the pressure value or the 
pressure pulsation value is normal, the abnormality cannot be detected. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the invention to provide a secondary air supply apparatus capable of precisely determining 
whether a component element has an abnormality and of detecting a malfunction thereof. 

[0007] A first aspect of the invention is a secondary airsupply apparatus that includes a secondary air supply passage 
for supplying a secondary air to an upstream side of an emission control device in an exhaust system of an internal 
combustion engine, opening-closing means for opening and closing the secondary air supply passage, and a check 
valve disposed downstream of the opening-closing means. The secondary air supply apparatus further includes a 
pressure sensor disposed in the secondary air supply passage, and an abnormality detecting portion that detects an 
abnormality of a component element based on a pressure value detected by the pressure sensor, and a pressure 
variation value, e.g. a variation value of the detected pressure. 

[0008] According to the first aspect of the invention, the pressure value and the pressure variation value are checked 
by the pressure sensor. In accordance with a combination of the values, a failure mode of various component elements 
can be determined in a detailed manner. 

[0009] The abnormality detecting portion may detect a failure mode of the component element from a combination 
of a pressure behavior pattern occurring at a time of a secondary air supply control and a pressure behavior pattern 
occurring at a time of a secondary air supply stop control. Utilizing of combinations of pressure behavior patterns at 
the time of the supply control and at the time of the stop control, it becomes possible to realize further detailed deter- 
mination. 

[0010] In a preferred form of the invention, an air pump may be disposed upstream of the opening-closing means, 
and the pressure sensor may be disposed at an intermediate position between the air pump and the opening-closing 
means. Disposing the pressure sensor at an intermediate position between the air pump and the opening-closing 
means makes it easier to detect an abnormality of the opening-closing means and an abnormality of the air pump 
separately. 

[0011] If an absolute pressure sensor is employed as the pressure sensor, the abnormality detecting portion may 
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store a detection value detected by the pressure sensor immediately before a startup of the engine, as an atmospheric 
pressure. With -this construction, the relative pressure can be attained at the time of detection of an abnormality, and 
the pressure sensor can be used as an atmospheric pressure sensor at the time of stop of the secondary air supply 
system. 

5 [0012] In a preferred form of the invention, the abnormality detecting portion may further have a function of monitoring 
an amount of flow through the air pump from an output value from the pressure sensor. If the secondary air supply 
apparatus downstream of the air pump is normal, a predetermined relationship is maintained between the amount of 
ejection flow from the air pump and the pressure value, so that the amount of ejection flow can be estimated from the 
pressure value. 

10 [0013] The abnormality detecting portion may detect clogging of the secondary air supply passage by detecting an 
ejection pressure of the air pump while driving the air pump at a time of an opening control of the opening-closing 
means and at a time of a closing control of the opening-closing means. If the secondary air supply passage is clogged, 
a case may occur in which at the time of supply of secondary air, the air pump has an abnormality and therefore does 
not provide a sufficient amount of ejection flow, but the pressure behavior appears as a normal behavior. However, in 

is the aforementioned construction, the air pump is driven at the time of the closing control, so that a reduction in the 
' ejection pressure is detected. Therefore, it is possible to simultaneously determine whether the air pump has an ab- 
normality and whether the secondary air supply apparatus is clogged. 

[0014] The secondary air supply apparatus may further include an air-fuel ratio sensor disposed in the exhaust sys- 
tem, and an output of the air-fuel ratio sensor may be input to the abnormality detecting portion. By checking the air- 

20 fuel ratio in the exhaust system, it is possible to determine whether the secondary air supply is normally conducted. 
[0015] In this case, abnormality determination may be based on a difference between an actual air-fuel ratio and a 
taraet air-fuel ratio in accordance with an amount of intake air, or on a difference between an actual air-fuel ratio and 
an expected air-fuel ratio in accordance with an engine cooling water temperature, or on a difference between an air- 
fuel ratio at a time of a secondary air supply control and an air-fuel ratio at a time of a stop control. 

25 [0016] The secondary air supply control is performed at the time of a cold startup, and a certain amount of time 
following the startup is needed before the air-fuel ratio sensor activates. Therefore, in a preferred form of the invention, 
the abnormality detecting portion may determine whether the air-fuel ratio sensor has activated, by forcibly temporarily 
turning off the secondary air supply control. 

[0017] Furthermore, the pressure sensor may be disposed between the opening-closing means and the check valve. 

30 in this case, it becomes possible to detect an abnormality of the check valve based on the pressure variation value 
and the pressure value detected by the pressure sensor while the opening-closing means is in a closure control state. 
[0018] A second aspect of the invention is a method for detecting an abnormality of a secondary air supply apparatus 
for supplying a secondary air to an upstream side of an emission control device in an exhaust system of an internal 
combustion engine. The method includes a step of detecting a pressure value in the secondary air supply passage, a 

35 step of calculate a variation value of the pressure value, and a step of detecting an abnormality of a component element 
based on the pressure value and the pressure variation value. 

[0019] The method according to the second aspect may be applied to a secondary air supply apparatus that includes 
a secondary air supply passage for supplying a secondary air to an upstream side of an emission control device in an 
exhaust system of an internal combustion engine, an opening-closing device that opens and closes the secondary air 
40 supply passage, a check valve disposed downstream of the opening-closing device, and a pressure sensor disposed 
in the secondary air supply passage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 [0020] The foregoing and further objects, features and advantages of the invention will become apparent from the 
following description of preferred embodiments with reference to the accompanying drawings, wherein like numerals 
are used to represent like elements and wherein: 

FIG. 1 is a schematic diagram illustrating a secondary air supply apparatus in accordance with an embodiment of 
50 the invention; 

FIG. 2 is a graph indicating pressure behavior patterns at a point A indicated in FIG. 1; 
FIG. 3 is a graph indicating pressure behavior patterns at a point B indicated in FIG. 1; 

FIG. 4 is a main flowchart illustrating a first abnormality detecting routine performed in the apparatus shown in 
FIG.1; 

55 FIG. 5 is a flowchart detailing a portion of the process illustrated in FIG. 4; 

FIG. 6 is a flowchart detailing another portion of the process illustrated in FIG. 4; 
FIG. 7 is a flowchart detailing still another portion of the process illustrated in FIG. 4; 

FIG. 8 is a diagram indicating a relationship between the amount of flow of an air pump and the ejection pressure 
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thereof; 

FIG. 9 is a flowchart illustrating a clogged pipe determining process that may be added to the process illustrated 
in FIG. 4; 

FIG. 10 is a diagram illustrating a secondary sir supply apparatus that performs a second abnormality detecting 
routine; 

FIG. 11 is a main flowchart illustrating the second abnormality detecting routine performed in a secondary air supply 
system shown in FIG. 10; 

FIG. 12 is a flowchart detailing a portion of the process illustrated in FIG. 11; 

FIG. 13 is a diagram illustrating a secondary air supply apparatus that performs a third abnormality detecting 
routine; 

FIG. 14 is a main flowchart illustrating the third abnormality detecting routine performed in a secondary air supply 
system shown in FIG. 13; 

FIG. 15 is a flowchart detailing a portion of the process illustrated in FIG. 14; 
FIG. 16 is a main flowchart illustrating a fourth abnormality detecting routine; 

FIG. 17 is a flowchart detailing an A/F sensor activation determining process that is a portion of the process illus- 
trated in FIG. 16; 

FIGS. 1SA and 18B are graphs indicating a relationship between the amount of intake air and the secondary A/F 
value, and a relationship between the amount of intake air and the A/F variation value, respectively; 
FIG. 19 is a main flowchart illustrating a fifth abnormality detecting routine; and 

FIGS. 20A, 20B and 20C are graphs indicating relationships of the engine cooling water temperature with the 
normal engine rotation speed, the expected increased A/F value due to the supply of secondary air, and the ex- 
pected A/F value without supply of secondary air, respectively. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0021] Preferred embodiments of the invention will be described with reference to the accompanying drawings. To 
facilitate the understanding of the description, like numerals are used to represent like elements in the drawings as 
much as possible, and repetitive descriptions will be avoided. 

[0022] FIG. 1 is a schematic diagram illustrating a construction of a secondary air supply apparatus in accordance 
with the invention. Asecondary air supply apparatus 1 is attached to a multi-cylinder gasoline engine (hereinafter, 
simply referred to as "engine"), which is an internal combustion engine. An intake pipe 20 and an exhaust pipe 21 are 
connected to the engine 2. The intake pipe 20 is provided with a throttle 24, and is connected to an intake filter 25. An 
air flow meter 26 for measuring the amount of air (amount of first air) is disposed between the intake filter 25 and the 
throttle 24. An emission control device 22 having a three-way catalyst is disposed in a downstream portion of the 
exhaust pipe 21. 0 2 sensors 31, 32 for detecting the oxygen concentration in exhaust are disposed upstream and 
downstream of the emission control device 22. Instead of the 0 2 sensors, it is possible to use A/F sensors, linear O- 
sensors, etc. 

[0023] The secondary air supply apparatus 1 has a secondary air supply passage 11 that connects a portion of the 
intake pipe 20 and the throttle 24 to a portion of the exhaust pipe 21 between the engine 2 and the upstream-side 0 2 
sensor 31. Disposed on the secondary air supply passage 11 are an electric motor-driven air pump (AP) 12, an air 
switching valve (ASV) 13, and a reed valve (RV) 14 (check valve) in that order from the side of the intake pipe 20. A 
pressure sensor 15 is disposed between the AP 12 and the ASV 13. A pipe 16 extending from a portion of the intake 
pipe 20 downstream of the throttle 24 is connected to the ASV 13. The pipe 16 is provided with an electromagnetic 
valve 17. 

[0024] A control device 10 for controlling the operation of the secondary air supply apparatus 1 is connected to an 
engine ECU 23 that controls the engine 2 in a fashion that allows exchange of information. The control device 10 
accepts input of signals output from the pressure sensor 15 and 0 2 sensors 31, 32, and controls the motor driving of 
the AP 12 end the opening and closing of the electromagnetic valve 17. The control device 10 may form a portion of 
the engine ECU 23. 

[0025] In a state where at the time of a cold startup or the like, the fuel concentration is high, and the air-fuel ratio 
(A/F) is small, and the temperature of the emission control device 22 is not sufficiently high to sufficiently perform its 
function, th e secondary air supply apparatus 1 opens the ASV 1 3 by the control device 1 0 opening the electromagnetic 
valve 17 so as to lead negative pressure in the intake pipe 20 into the ASV 13. Furthermore, the air pump 12 is driven 
to lead a portion of the air passed through the intake filter 25 into the exhaust pipe 21 via the secondary air supply 
passage 11, so that the oxygen concentration in exhaust gas increases and the A/F ratio of the exhaust gas rises. 
Thus , secondary combustion of HC and CO present in exhaust gas in the exhaust pipe 21 is accelerated for the purpose 
of cleaner emission. Still further, since the exhaust temperature is thus raised, temperature increase of the three-way 
catalyst of the emission control device 22 is accelerated, and therefore emission deterioration is reduced, instead of 
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the combination of the ASV 13 and the electromagnetic valve 17, it is possible to use an electromagnetic valve as an 
ASV 13. 

[0026] The secondary air supply apparatus 1 in accordance with the invention is characterized by having a function 
of detecting an abnormality of component elements of the apparatus 1 , that is, the air pump 12, the ASV 13, the RV 
14, etc. Specifically, the control device 10 performs abnormality detection regarding the component elements based 
on the pressure behavior detected by the pressure sensor 1 5 disposed on the secondary air supply passage 1 1 . Here- 
inafter, routines for this abnormality detection will be described in detail. 

[0027] A first abnormality detection process routine will be described beiow. Before detailed description of this proc- 
ess, the pressure behavior in the secondary air supply passage 11 will be briefly described. 

[002B] FIGS. 2 and 3 are graphs schematically indicating conceivable patterns of the pressure behavior at points A 
and B in FIG. 1. It is assumed herein that the RV 14 normally functions. In FIG. 1, the point A is located at a site between 
the air pump 12 and the ASV 13 at which the pressure sensor 15 is disposed in this embodiment, and the point B is 
located between the ASV 13 and the RV 14. Table 1 shows combinations of operational states of the air pump 12 and 
the ASV 13, and pressure behavior patterns at the two points corresponding to the combinations of operational states. 



[Table 1] 



AP 


ASV 


Pressure behavior pattern 






Point A 


Point B 


Operated 


Open 


1 


a 


Stopped 


Open 


2 


b 


Operated 


Closed 


3 


c 


Stopped 


Closed 


4 


c 



[0029] Therefore, the operational states of the air pump 12 and the ASV 13 can be estimated from the pressure 
behavior pattern. 

[0030] Next, the first abnormality detection routine will be described with reference to the flowcharts of FIGS. 4 to 7. 
FIG. 4 is a main flowchart of this routine. FIGS. 5 to 7 are flowcharts illustrating details of sub-routine of the routine 
illustrated in FIG. 4. The process illustrated in FIG. 4 is, basically, executed once at the time of startup by the control 
device 10. Each of the processes illustrated in FIGS. 5 to 7 is invoked once from the main process illustrated in FIG. 4. 
[0031] First, in step S2 in FIG. 4, the control device 10 checks whether a condition for executing a secondary air 
supply control (simply referred to as "Al" in the flowcharts and the below description) is met. The AJ executing condition 
is determined by the engine cooling water temperature, the intake temperature, the elapsed time following startup, the 
battery voltage, the load condition, etc. sent from the engine ECU 23. If the Al executing condition is not met and 
therefore it is determined that there is no need to execute the Al, the control device 10 goes to step S16, skipping a 
portion of the process. If the Al executing condition is merely yet to be met and it will become necessary to execute 
the Al after elapse of some time, the process waits in step S2 until the condition is met. If the Al executing condition 
is met, the process proceeds to step S4. 

[0032] In step S4, it is checked whether an abnormality of an Al appliance has been detected. Preferably, a flag for 
indicating an abnormality of an Al appliance described below is not reset even if the accessory power of the vehicle 
has been turned off, and is reset only when an Al appliance is subjected to check and maintenance. If an abnormality 
has been detected, the control device 1 0 goes to step S32, skipping some processes. Therefore, it is possible to prevent 
a trouble that would otherwise be caused by an attempt to actuate the Al appliance with an abnormality found. 
[0033] If it is determined in step S4 that an abnormality of the Al appliance has not been detected, the process 
proceeds to step S6, in which the control device 10 operates the air pump 12, and opens the ASV 13. Subsequently 
in step S8, it is determined whether an abnormality detecting condition is met. The abnormality detecting condition 
refers to a condition that a predetermined time has elapsed following execution of the Al control and the operation of 
the air pump 12 is stable, and the engine 2 is in an idling state based on the load and the rotation speed of the engine 
2, and the vehicle speed, and therefore abnormality detection is easy. If the abnormality detecting condition is met, the 
process proceeds to step S10, in which the control device 10 determines a pressure behavior pattern at the time of a 
supply control. 

[0034] In the supply control-time pressure behavior determining process (step SI 0), the control device 10 takes time- 
dependent changes in the value P of pressure detected by the pressure sensor 15 over a predetermined time. Sub- 
sequently in step S102, a mean value Pm thereof is computed. Subsequently in step S104, a value Pa of amplitude 
of pulsation of the pressure value P. 

[0035] In step S1 06, the amplitude value Pa of pulsation of the pressure value P is compared with a threshold value 
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FaO. If Pa is greater than PaO, it is determined that the present pressure behavior pattern is one of patterns 1 and 2 
with great pulsations indicated in FIG. 2. After that, the process proceeds to step S 108. In step S108, the mean pressure 
value Pm is compared with a threshold value P0. If Pm is greater than PO, the present pressure behavior pattern is 
pattern 1, and therefore it is considered that secondary air supply is being conducted. The process proceeds to step 
S110, in which the amount of supply airQ is checked. The ejection pressure of the air pump 12 and the amount of air 
fed have a relationship as indicated in FIG. 8. The amount of air fed can be estimated from the ejection pressure (the 
mean value Pm of measured values provided by the pressure sensor 15 in reality). If the amount of air fed is less than 
Qx indicated in FIG. 8, there is a possibility of a high fuel concentration remaining in exhaust gas, and therefore the 
emission may deteriorate. In step S112, it is checked whether the estimated amount of air fed Q is greater than Qx. It 
is also possible to compare an ejection pressure value with a threshold value Px. 

[0036] If it is determined in step S112 that the amount of air fed Q is equal to or less than Qx, the process proceeds 
to step S114, in which "1" is set in a flag Xfaildown. Subsequently, the process proceeds to step S 120. If it is determined 
that the amount of air fed Q is greater than Qx, the process immediately proceeds to step S120. In step S120, "1" is 
set in a flag Xstepl . Subsequently, this sub-routine ends. 

[0037] If the Pm is equal to or less than PO in step S1 06, it is determined that the present pressure behavior pattern 
is pattern 2. Subsequently in step S140, "1" is set in a flag F12. After the processing of step 130, this sub-routine ends. 
[0038] if it is determined in step S106 that Pa 4s not greater than PaO, it is considered that the present pressure 
behavior pattern is one of patterns 3 and 4 with no pulsation as indicated in FIG. 2. Then, the process proceeds to 
step S150. In step S150, Pm is compared with PO as in step S108. If Pm is greater than P0, it is determined that the 
present pressure behavior pattern is pattern 3. Then, the process proceeds to step S160, in which "1" is set in a flag 
F13. After step S130 is executed, the sub-routine ends. 

[0039] Conversely, if it is determined in step S150 that Pm is not greater than P0, it is determined that the present 
pressure behavior pattern is pattern 4. Then, the process proceeds to step S1 70, in which "1" is set in a flag F14. After 
execution of step S130, the sub-routine. ends. 

[0040] After the sub-routine illustrated in FIG. 5 ends, the process proceeds to step S12 in the main flowchart of FIG. 
4, in which it is determined whether an Al ending condition is met. If the Al ending condition is not met, the control 
device 10 returns to step S8 to repeat the process starting at step S8. If it is determined in step S8 that the abnormality 
detecting condition is not met, the control device 1 0 proceeds to step S1 2, skipping the pressure behavior determination 
of step S10. Therefore, it is possible to improve the precision and the determination success rate of the pressure 
behavior pattern determination during execution of the Al control. 

[0041] If it is determined in step S12 that the Al ending condition is met, the process proceeds to step S14, in which 
the air pump 12 is stopped and the ASV 13 is closed to stop the Al control. Then, the process proceeds to step S16, 
in which it is checked whether the pressure behavior determination at step S10 has ended, by checking the value of 
the flag Xstep 1 . Xstepl being other than "1" means that the determination of a pressure behavior pattern at the time 
of supply control is not completed. In that case, therefore, the control device 10 goes to step S32, skipping the deter- 
mining process. Conversely, Xstepl being "1" means that the determination of a pressure behavior pattern at the time 
of the supply control has ended. In that case, therefore, the control device 10 proceeds to the subsequent step S18. 
In step S18, it is checked whether an abnormality detecting condition for performing a stop control-time pressure be- 
havior determination (step S20) is met. If the abnormality detecting condition is met, the process proceeds to step S20, 
in which the stop control-time pressure behavior determination is performed. 

[0042] The sub-routine of the stop control-time pressure behavior determining process (step S20) illustrated in FIG. 
6 is similar to the sub-routine of the control-time pressure behavior determining process illustrated in FIG. 5. First, in 
step S200, the control device 10 lakes time-dependent changes in the pressure value P detected by the pressure 
sensor 15 over a predetermined time. Subsequently, the mean value Pm of the pressure is computed (step S202), and 
the amplitude value Pa of pulsation of the pressure value P is computed (step S204). 

[0043] in step S206, Pa is compared with PaO. If Pa is greater than PaO, it is determined that the present pressure 
behavior pattern is one of patterns 1 and 2 with great pulsation indicated in FIG. 2. Then, the process proceeds to step 
S208. In step S208, the mean value Pm of the pressure is compared with a threshold value P0. If Pm is greater than 
P0, it is determined that the present pressure behavior pattern is pattern 1. Then, the process proceeds to step S220, 
in which "1 " is set in a flag F21 . 

[0044] If Pm is not greater than P0 in step S208, it is determined that the present pressure behavior pattern is pattern 
2. Then, the process proceeds to step S240, in which "1" is set in a flag F22. 

[0045] If Pa is not greater than PaO in step S206, it is determined that the present pressure behavior pattern is one 
of patterns 3 and 4 without pulsation indicated in FIG. 2. Then, the process proceeds to step S250. In step S250, Pm 
and P0 are compared as in step S208. If Pm is greater than PO, it is determined that the present pressure behavior 
pattern is pattern 3. Then, the process proceeds to step S260, in which "1" is set in a flag F23. 

[0046] Conversely, if Pm is not greater than P0 in step S250, it is determined that the present pressure behavior 
pattern is pattern 4. Then, the process proceeds to step S270, in which "1" is set in a flag F24. 
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[0047] After the flag F21 to F24 is set, the process proceeds to step S230, in which "1" is set in s flag Xstep2. i hen, 
this sub-routine ends. 

[004S] After the sub-routine of FIG. 6 ends, the process proceeds to step S24 in the main flow illustrated FIG. 4. If 
the abnormality detecting condition is not met in step S18, the process proceeds to step S22, in which it is checked 
whether a predetermined time has elapsed following the stop of the Al control. If the time has not elapsed, the control 
device 10 returns to step S 18, so that the determination regarding the abnormality detecting condition can be attempted 
during the predetermined time following the stop of the Al control. If the predetermined time has elapsed, the process 
proceeds to step S24. 

[0049] In step S24, it is checked whether the pressure behavior determination in step S20 has ended, by checking 
the value of the flag Xstep2. Xstep2 being other than "1" means that the determination of a pressure behavior pattern 
at the time of the stop control is not completed. In that case, therefore, the control device 10 goes to step S32, skipping 
the determining process. Conversely, Xstep2 being "1" means that the determination of a pressure behavior pattern 
at the time of the stop control has ended. In that case, therefore, the control device 10 proceeds to the subsequent 
step S30. 

[0050] In step S30, determination regarding abnormality of component elements is performed based on the results 
of determination at steps S10 and S20. Table 2 shows normal and abnormal modes of the air pump 12 and the ASV 
13 in correspondence to pressure behavior patterns occurring at the times of the supply control and the stop control. 



[Table 2] 



Mode 


AP 


ASV 


Pressure behavior pattern 








Supply control 


Stop control 


1 


O 


O 


1 


4 


2 


O 


x Fixed open state 


1 


2 


3 


O 


x Fixed closed state 


3 


4 


4 


x Continuously operated 


O 


1 


3 


5 


x Continuously operated 


x Fixed open state 


1 


1 


6 


x Continuously operated 


x Fixed closed state 


3 


3 


7 


x Inoperative 


O 


2 


4 


8 


x Inoperative 


x Fixed open state 


2 


2 


g 


x Inoperative 


x Fixed closed state 


4 


4 



[0051] In this table, "O" and "X" indicate normal and abnormal states of devices and the like. 

[0052] In the flow of the abnormality determining process of step S30 illustrated in FIG. 7, the determination is per- 
formed based on Table 2. First, in step S300, it is checked whether the flag F11 is "1". If the flag F11 is "1" indicating 
that the pressure behavior'pattern at the time of the supply control is pattern 1 , the process proceeds to step S302, in 
which it is checked whether the flag F24 is "1". If the flag F24 is 'T\ it is indicated that the pressure behavior pattern 
at the time of the stop control is pattern 4. This combination of patterns is mode 1 , and indicates that the air pump 12 
and the ASV 13 are normal. Then, the process proceeds to step S304, in which it is checked whether the amount of 
flow has reduced, by checking the value of the flag Xfaildown. The flag Xfaildown being other than M 1" means that an 
flow amount reduction has not been caused, and all devices are normal, in that case, the process proceeds to step 
S306, in which a diagnostic flag XAI is set at "Vindicating the normal state. After that, the sub-routine ends. Conversely, 
if the flag Xfaildown is "1" indicating that the amount of flow has reduced, there is a possibility of malfunction of the air 
pump 12. Then, the process proceeds to step S3 18, in which the diagnostic flag XAI is set at "-V indicating the abnormal 
state. After that, the sub-routine ends. 

[0053] If it is determined in step S302 that F24 is not "1", which indicates that the present mode is one of modes 2, 
4 and 5 shown in Table 2, then the process proceeds to step S310. In step S310, it is checked whether the flag F22 
is "1". If F22 is not "1", that is, if the present mode is mode 4 or 5, in which the pressure behavior pattern at the time 
of the stop control is not pattern 2 , but is pattern 1 or 3, the air pump 1 2 is in a failure state where the pump is continuously 
operated. Then, the process proceeds to step S312, in which a diagnostic flag XFAP for the air pump 12 is set at "1" 
indicating the failure state of continuous operation. After that, the process proceeds to step S314. Conversely, if F22 
is "1", that is, if the pressure behavior pattern at the time of the stop control is pattern 2, that is, if the present mode is 
mode 2, the. air pump 12 is normal. Then, the control device 10 proceeds to step S314, skipping step S312. 
[0054] Subsequently in step S314, it is checked whether the flag F23 is "1". If the flag F23 is not "1", that is, if the 
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present mode is mode 2 or 5 in which the pressure behavior pattern at the time of the stop control is not pattern 3, but 
is pattern 1 or 2, the ASV 1 3 is in a fixed open state in which the valve is continuously open. Then , the process proceeds 
to step S316, in which a diagnostic flag XFASV for the ASV 13 is set at "1" indicating that the ASV 13 is in the fixed 
open state. Then, the process proceeds to step S318, in which the diagnostic flag XAI is set at "-1". After that, the sub- 
routine ends. Conversely, if F23 is "1", that is, if the pressure behavior pattern at the time of the stop control is pattern 
3, that is, if the present mode is mode 4, the ASV 13 is normal. Therefore, the control device 10 proceeds to step S318, 
skipping step S3 16. After the diagnostic flag XAI is set at "-1" in step S318, the sub-routine ends. 
[0055] If it is determined in step S300 that F11 is not "1 the present mode is one of modes 3 and 6 to 9. in this case, 
the process proceeds to step S320, in which it is checked whether the flag F12 is "1". If F12 is "1", that is, if the pressure 
behavior pattern at the time of supply control is pattern 2, the present mode is one of modes 7 and 8. In either one of 
the modes, the air pump 12 is in the inoperative state, and therefore, the diagnostic flag XFAP for the air pump 12 is 
set at indicating the inoperative failure state of the pump. Then, the process proceeds to step S324. In step S324, 
it is checked whether the flag F22 is *T\ If F22 is "1 that is, if the pressure behavior pattern at the time of the stop 
control is pattern 2, the present mode is mode 8 where the ASV 13 is in the fixed open state in which the valve is 
continuously open. Then, the process proceeds to step S326, in which the diagnostic flag XFASV for the ASV is set 
at "1" indicating the fixed open state. Then, the process proceeds to step S318, in which the diagnostic flag XAI is set 
at "-I". After that, the sub-routine ends. Conversely, if F22 is not "1", the present mode is mode 7 where the ASV 13 
is normal. Then, the control device 10 skips S326, and proceeds to step S318, in which the diagnostic flag XAI is set 
at "-1 After that, the sub-routine ends. 

[0056] If it is determined in step S320 that F12 is not "1", the present mode is mode 3, 6 or 9. In any one of the 
modes, the ASV 13 is in the fixed closed state where the valve is continuously closed. The process proceeds to step 
S330, in which the diagnostic flag XFASV of the ASV is set at rt -1 M indicating the fixed closed state of the valve. Sub- 
sequently in step S332, it is determined whether the flag F13 is "1". If F13 is "1", the pressure behavior pattern at the 
time of supply control is pattern 3, and therefore, the present mode is mode 3 or 6. In this case, the process proceeds 
to step S334, in which it is determined whether the flag F23 is "1". If the flag F23 is "1", the pressure behavior pattern 
at the time of the stop control is pattern 3, and the present mode is mode 6 in which the air pump 12 is in a failure state 
where the pump is continuously operated. Then, the process proceeds to step S386, in which the diagnostic flag XFAP 
of the air pump 1 2 is set at "1 " indicating the failure state of continuous operation. The process proceeds to step S31 8, 
in which the diagnostic flag XAI is set at After that, the sub-routine ends. Conversely, if the flag F23 is not "1", the 
present mode is mode 3, in which the air pump 12 is normal. The control device 10 skips step S336, and proceeds to 
step S318, in which the diagnostic flag XAI is set at "-1". After that, the sub-routine ends. 

[0057] If it is determined in step S332 that F13 is not "1", the present mode is mode 9 in which the air pump 12 is in 
the inoperative failure state. Then, the process proceeds to step S338, in which the diagnostic flag XFAP for the air 
pump 12 is set at indicating the inoperative failure state. Then, the process proceeds to step S318, in which the 
diagnostic flag XAI is set at "-1 ". After that, the sub-routine ends. 

[0058] After the sub-routine illustrated in FIG. 7 ends, the process proceeds to step S32 shown in FIG. 4. In step 
S32, the value of the diagnostic flag XAI is checked. If the value of the flag is "1" indicating the normal state, step S34 
is skipped, and the process ends. Conversely, if the value of the flag is "-1 " indicating that the system is abnormal, or 
"0" indicating that the determination is not completed yet, the process proceeds to step S34, in which a display device 
or an alarm (not shown) is used to inform a driver that the system has an abnormality or the failure detection could not 
be performed. This process is termed a warning process.' After that, the process ends. 

[0059] This abnormality detecting routine in accordance with the invention makes it possible to precisely detect 
whether the air pump 12 or the ASV 13 has an abnormality, and what abnormality the component element has. 
[0060] In the foregoing embodiment, the end of the Al control is followed by the stop control-time pressure behavior 
determining process, and then, the abnormality determining process is performed. However, it is also possible to per- 
form abnormality determination while the condition for the Al supply control is met, by determining a pressure behavior 
at the time of the stop control through a forced temporary stop of the supply during the Al supply. Therefore, it becomes 
possible to perform diagnostics during the Al control. 

[0061] Furthermore, as shown in Table 2, the pressure behavior pattern at the time of the Al supply control while the 
devices are normal is limited to pattern 1 . Therefore, if the pressure behavior pattern at the time of the supply control 
is other than pattern 1 , the Al control may be immediately stopped, and the process may proceed to a pressure behavior 
pattern at the time of stop. In particular, if the pressure behavior pattern at the time of the supply control is pattern 4, 
it is apparent that the present mode is mode 9 shown in Table 2. Therefore, the pressure behavior pattern determination 
at the time of stop may be omitted. 

[0062] Furthermore, the position of the pressure sensor 15 is not limited to the point A. If the pressure sensor 1 5 is 
disposed at the point B, it is also possible to determine a failure mode of a device by a technique similar to the above- 
described technique. The pressure sensor 15 may be a relative pressure sensor that outputs a differential pressure 
relative to an atmospheric pressure, and may also be an absolute pressure sensor. In this case, it is necessary to adopt 
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a construction in which the atmospheric pressure can be detected during a stop of operation of the secondary air 
svstem. However, in a normal type air pump 12, the housing and the pump rotor are not in close contact, and the 
upstream and downstream sides of the air pump 12 become communicated during the non-operation state. Thus, this 
tvpe of air pump 12 allows detection of the atmospheric pressure. If such a construction is adopted, it is appropriate 

5 to use the value output before the startup of the engine as an atmospheric pressure, and compute a relative pressure 
from a difference regarding the atmospheric pressure. Therefore, it becomes possible to use the pressure sensor 15 
as an atmospheric pressure sensor except for the occasion of detection of an abnormality of the secondary air system 
and the period of supply of secondary air. However, when the air pump 12 is in the failure state of continuous operation, 
there is a possibility of estimation of a atmospheric pressure increased by the amount of ejection pressure. In this case, 

io therefore, it is appropriate to check and correct the electric power consumed by the air pump 12, the voltage of the air 
pump 12, the current through the pump, etc. During the fixed open state of the ASV 13, there is a possibility of trans- 
mission of pulsation of exhaust from the engine 2. In this case, the mean pressure is near the atmospheric pressure, 
and therefore, an atmospheric pressure can be detected by an averaging process. 

[0063] It is also possible to add a piping clogging determination to the first abnormality detecting routine. FIG. 9 is a 
15 flowchart illustrating the clogging determining process. Insertion of the process between step S304 and step S306 in 
FIG. 7 will make it possible to perform the clogging determination in the first abnormality detecting routine. 
[0064] If it is determined in step S304 that the value of the flag Xfaildown is not "1", the air pump 12 is temporarily 
driven (step S301) while the ASV 13 remains in the open state. The ejection pressure P of the air pump 12 is read by 
the pressure sensor 15 (step S303). The measured ejection pressure P is compared with a threshold value P Y (step 
20 S305). The ejection pressure P being less than P Y indicates that although the air pump 12 has a malfunction, a certain 
pressure value is detected at the time of the Al supply control. This indicates that due to a clogged piping downstream 
of the ASV 13, a certain pressure rise is exhibited despite an insufficient amount of ejection from the air pump 12. 
Then, the process proceeds to step S307, in which a flag Xjam that indicates a piping state is set at "1" indicating the 
clogging of the piping. Furthermore, in step S307, a flag Xfaildown that indicates the amount of air pump flow is set at 
25 "1" indicating a reduction in the amount of flow. Then, the process proceeds to step S318. If a sufficient pressure rise . 
is exhibited, it is considered that there is no reduction in the amount of flow through the air pump 12 and no clogged 
piping, and the process proceeds to step S306. Therefore, it is possible to determine whether the secondary air supply 
apparatus, including the piping, has an abnormality. 

[0065] Next, s second abnormality detecting routine will be described with reference to FIGS. 10 to 12. The secondary 
30 air supply apparatus in which the second abnormality detecting routine is performed differs from the secondary air 
supply apparatus shown in FIG. 1 in that the pressure sensor 15 is disposed at a point B as shown in FIG. 10. FIG. 11 
is a main flowchart of the abnormality detecting process. FIG. 12 is a flowchart illustrating a sub-routine of a reed valve 
abnormality determining process. 

[0066] First, in step S3S, it is checked whether an Al executing condition is met. This process is substantially the 
35 same as step S2 in FIG. 4. If the condition is not met (excluding a case where the condition is yet to be met, in which 
case the fulfillment of the condition is awaited), the process goes to step S57, skipping the abnormality detecting 
process. If the condition is met, the process proceeds to step S39, in which it is checked whether an abnormality of 
an Al device has been detected. This process is substantially the same as step S4 in FIG. 4. If an abnormality has 
been detected, the process goes to step S57 described below, skipping the abnormality detecting process. Therefore, 
to it is possible to avoid a trouble that would occur if operation of the Al is attempted with an abnormality already deter- 
mined. 

[0067] If it is determined in step S39 that no abnormality of an Al device has been detected, the process proceeds 
to step S40, in which the abnormality determining process regarding the reed valve is performed. FIG. 12 is a flowchart 
illustrating a reed valve abnormality determining process. 

45 [0068] First, a fluctuation in the pressure value P in a predetermined time is input (step S400), and a mean pressure 
value Pm is computed (step S401). Then, the mean pressure value Pm is compared with a threshold value P A (which 
is a negative pressure, that is, lower than the atmospheric pressure) (step S402). Occurrence of a negative pressure 
means that at the point B, a minimum pressure (negative pressure) of the pressure pulsations caused within the exhaust 
pipe 21 by the engine 2 is held. In this case, it is determined that the RV 14 is normally functioning. Then, the process 

50 immediately ends. 

[0069] If negative pressure does not exist, the process proceeds to step S403, in which the flag XAI that indicates 
a state of the system is set at indicating an abnormality. Then, a variation AP of pressure pulsation is computed 
{step S404). The variation AP is compared with a threshold value AP A . The variation AP being greater than AP A means 
that the RV 14 is in the continuously open state, and the pressure pulsation caused within the exhaust pipe 21 by the 
55 engine 2 directly propagates to the point B. In that case, the process proceeds to step S407, in which a flag XFRV for 
indicating a failure state of the RV 14 is set at "1" indicating that the RV 14 is in a fixed open state. After that, the 
process ends. 

[0070] If it is determined in step S406 that there is no pressure pulsation, the mean pressure value Pm is held near 



9 



EP 1 293 648 A2 



or above the atmospheric pressure. Therefore, in step S408, it is checked whether the mean pressure value Pm is 
near the atmospheric pressure (whether the relative pressure is near 0). if Pm is not near the atmospheric pressure, 
that is, if Pm is above the atmospheric pressure, the Al is operating despite a stop control state. Therefore, the flag 
XFAP for indicating a failure state of the air pump 12 is set at "1" indicating a continuously operated state, and the flag 
XFASVfor indicating a failure state of the ASV 13 is set at "1" indicating a fixed open state (step S409). After that, the 
process ends. 

[0071] If the mean pressure value Pm is near the atmospheric pressure, the process proceeds to step S410, in which 
AP is compared with another threshold value AP C (where AP C < AP A ). If AP is greater than AP C , it is determined that 
the ASV 13 is an open valve state and pulsation from the intake side propagates, and the flag XFASV for indicating a 
failure state of the ASV 13 is set at "1" indicating that the valve 13 is in the fixed open state (step S412). After that, the 
process ends. Conversely, if AP is not greater than AP C , it is determined that the ASV 13 and the RV 14 are in the 
closed valve state, and the flag XPRV for indicating a failure state of the RV 14 is set at "-1" indicating that the valve 
14 is in a fixed closed state (step S411). After that, the process ends. 

[0072] After the sub-routine of FIG. 12 ends, the process proceeds to step S41 in FIG. 11, in which the value of the 
flag XAI is checked. If the value of the flag XAI is "-1", this means that a failure of a device has been detected, and the 
process proceeds to step S57. If the value of the flag is not (more precisely, the value is the initial value 0 because 
the abnormality determining process has not ended), the process proceeds to step S43, in which the air pump 12 is 
operated and the ASV 13 is opened to start the Al supply. Subsequently in step S44, it is checked whether the abnor- 
mality detecting condition is met. the abnormality detecting condition is the same as the condition at step SB in FIG. 
4. If the abnormality detecting condition is not met, the process proceeds to step S50, skipping the determination. 
[0073] If the abnormality detecting condition is met, the process proceeds to step S45, in which the value of the flag 
XAI is checked. Only rf XAI is "0", that is, only if the abnormality detecting process has not been performed, the process 
proceeds to step S46. If a result of determination indicating the normal state has been obtained, the control device 10 
goes to step S50, skipping the determining process. This process is bypassed if an abnormality exists. 
[0074] In step S46, fluctuation in the pressure value P over the predetermined time is read. The mean pressure value 
Pm is computed (step S47). In step S48, the mean pressure value Pm is compared with a threshold value P D . If Pm 
is greater than P D , it is determined that there is a sufficient supply of secondary air, and the process proceeds to step 
S49, in which the diagnostic flag XAI is set at "1" indicating the normal state. In step S50, it is checked whether an A! 
ending condition is met. If the condition is not met, the control device 10 goes back to step S44 to repeat the process 
starting at step S44 and thereby continues supplying secondary air. Conversely, if the Al ending condition is met, the 
process proceeds to step S51 , in which the air pump 12 is stopped and the ASV 13 is closed so as to stop supplying 
secondary air. After that, the process ends. 

[0075] If it is determined in step S48 that Pm is not greater than P D , the process proceeds to step S52, in which Pm 
is compared with P A (negative pressure that is lower than the atmospheric pressure). If Pm is smaller than P A , it is 
determined that the ASV 13 is in the closed valve state and therefore the supply of secondary air is prevented. Then, 
the flag XFASVfor indicating a failure state of the ASV 13 is set at indicating a fixed closed state (step S53). After 
that, the process proceeds to step S5S'. Conversely, if Pm is not less than P A , it is determined that although the ASV 
13 is normal and in the open valve state, the air pump 12 is at a stop, so that communication with the intake filter 25 
side is established and therefore, the pressure is close to the atmospheric pressure. The flag XFAP for indicating a 
failure state of the air pump 12 is set at M -1 " indicating an inoperative state (step S54). The process proceeds to step S55. 
[0076] In step S55, the flag XAI for indicating the state of the system is set at "-1" indicating an abnormality. Subse- 
quently in step S56, a control of stopping the air pump 12 and closing the ASV 13 is performed. In reality, supply of 
secondary air is impossible due to failure of one of component elements. However, in order to avoid induction of a 
failure of other normal device, the aforementioned process is performed. Subsequently in step S57, a display device 
or an alarm (not shown) is used to inform a driver that the system has an abnormality or the failure detection could not 
be performed, as in step S34 in FIG. 4. This process is termed a warning process. After that, the process ends. 
[0077] According to this embodiment, determination regarding an abnormality of the RV 14 and an abnormality of 
some of the devices can be performed prior to execution of the Al control. Furthermore, during execution of the Al 
control, it is also possible to determine whether other devices have abnormality. 

[0078] Next, a third abnormality detecting routine will be described with reference to FIGS. 13 to 15. A secondary 
air supply apparatus in which the third abnormality detecting routine differs from the secondary air supply apparatus 
illustrated in FIG. 10, in that an air pump 12 is not provided as is apparentfrom FIG. 13. FIG. 14 illustrates a main flow 
of the abnormality detecting process. FIG. 15 is a flowchart illustrating a sub-routine of a reed valve abnormality de- 
termining process. 

[0079] The content of the third abnormality detecting routine is substantially the same as the content of the second 
abnormality detecting routine. Therefore, detailed descriptions of identical portions thereof will be omitted. After the 
determination regarding the Al executing condition (step S38) and the determination regarding the Al device abnor- 
mality (step S39), the process proceeds to a reed valve abnormality determining process (step S40e). This abnormality 
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determining process is illustrated by the flowchart of FIG. 15. This abnormality determining process is formed by ex- 
cluding only the air pump-reiaied steps S408 and S403 from the abnormality determining process illustrated in FIG. 
12. Therefore, the content of this process will not be described in detail again. 

[0080] After the sub-routine of FIG. 15 ends, the process proceeds to step S41 in FIG. 14, in which the flag XAI is 
5 checked. If the value of the flag XAI is not"-V\ the ASV 13 is opened to start the Al supply (step S43a). Subsequently, 
it is checked whether the abnormality detecting condition is met (step 544). If the condition is not met, the process 
proceeds to step S50, skipping the determining process. 

[0081] If the abnormality detecting condition is met, the flag XAI is checked (step S45). Only in the case where XA! 
is "0", the process proceeds to step S46. In the other cases, the process proceeds to step S50, skipping the determining 
io process. 

[0082] In step S45, fluctuation in the pressure value P over a predetermined time is read. Then, a mean pressure 
value Pm is computed (step S47). In step S48a, it is checked whether the mean pressure value Pm is near the atmos- 
pheric pressure (if Pm is relative pressure, whether Pm is near "0"). If Pm is near the atmospheric pressure, it is 
determined that there is a sufficient supply of secondary air. Then, the process proceeds to step S49, in which the 

is diagnostic flag XAI is set at "1" indicating the normal state. Subsequently in step S50, it is checked whether the Al 
ending condition is met. If the condition is not met, the control device 10 goes back to step S44 to repeat the process 
starting at step 544 and continue supplying secondary air. Conversely, if the Al ending condition is met, the process 
proceeds to step S51a, in which the ASV 13 is closed to stop supplying secondary air. After that, the process ends. 
[0083] If it is determined in step S48a that Pm is not near the atmospheric pressure, more specifically, there is great 

20 negative pressure, then it is determined that the ASV 13 is in the closed state blocking the supply of secondary air. 
Then, the process proceeds to step S55a, in which the flag XFASVfor indicating a failure state of the ASV 13 is set at 
"-1" indicating that the ASV 13 in the fixed closed state, and the flag XAI for indicating a state of the system is set at 
"-1". In step S56a, a control of closing the ASV 13 is performed. Although in reality, the ASV 13 is in the fixed closed 
state, the ASV closing operation is performed in order to avoid induction of a failure of other normal devices. The 

25 subsequent process of step S57 is the same as in FIG. 11. 

[0084] The third abnormality detecting routine also allows precise determination of an abnormality mode of compo- 
nent devices, as is the case with the second abnormality detecting routine. 

[0085] A fourth abnormality detecting routine will be described with reference to FIGS. 16 to 18. This abnormality 
detecting routine is performed in the secondary air supply apparatus shown in FIG. 1 . The fourth abnormality detecting 
30 routine performs determination regarding ejection reduction of the air pump 12 and fuel system abnormality. This ab- 
normality detecting routine may be employed together with the first abnormality detecting routine illustrated in FIGS. 

4 to 6. 

[0086] FIG. 16 illustrates a main flow of the abnormality detecting routine. First in step S60, it is checked whether 
the Al control is being executed. If the Al control is not being executed, the process ends, skipping the processes that 

35 follow. Conversely, if the Al control is being executed, the process proceeds to step S62. 

[0087] Next, fluctuations in the ejection pressure P of the air pump 12 over a predetermined time, that is, values 
measured by the pressure sensor 15 in reality, are input (step S62), and a mean pressure value Pm is computed (step 
S64). Subsequently, the mean pressure value Pm is compared with a threshold P F (step S66). If Pm is not greater 
than P F , which means insufficient amount of ejection (see FIG. 8), then the process proceeds to step S67. In step S67, 

40 the flag Xfaildown for indicating a reduction in the flow through the air pump is set at "1", and the flag XAI indicating a 
state of the system is set at "-1 " indicating a failure state. After that, the process ends. 

[0088] Conversely, if the mean pressure value Pm is greater than P F , the process proceeds to step S68, in which 
Pm is compared with a threshold value P G (P F < P G ).. If Pm is not less than P G , it is determined that the air pump 12 
is normal but the piping is clogged so that the ejection pressure has increased. Then, the process proceeds to step 
45 S69, in which the flag Xjam for indicating pipe clogging is set at "1", and the flag XAI for indicating a state of the system 
is set at "-1" indicating a failure state. After that, the process ends. 

[0089] Conversely, if the mean pressure value Pm is less than P G , the process proceeds to step S70, in which an 
A/F sensor activation determining process is performed. The A/F sensor herein refers to a sensor capable of detecting 
the air-fuel ratio of exhaust, the excess air ratio, etc., including the 0 2 sensor 31 shown in FIG. 1 . 

50 [0090] FIG. 17 is a flowchart illustrating the specific processing of the A/F sensor activation determining process. 
First in step S700, it is checked whether the Al control is being executed. If the control is not being executed, the 
process immediately goes to the end, without any further step. In step S702 subsequent to the affirmative determination 
at step S700, the value of the flag XAF for indicating an activation state is checked. The flag XAF assumes a value of 
"0" if the activation determination has not been completed. The flag assumes M -1" in the case of a sensor abnormality, 

55 and assumes "1" in the case of the activation has been completed. If it is determined in step S702 that XAF is other 
than "0", the process immediately goes to the end, without any further processing step. 

[0091] In steps S704 and S706, the elapsed time At st following the startup of the engine is compared with predeter- 
mined threshold values At ih -, At th2 , respectively (At th1 < At h2 ). If AU, is not greater than At ihv there is a possibility of 
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unstable rotation of the engine 2, and therefore the process proceeds to step S700 so as to repeat the process starting 
at step S700. If At st is equal to or greater than AL lh2 , it is indicated that the A/F sensor has not been activated despite 
elapse of At^, and therefore it is determined that the A/F sensor is abnormal. Then, the process proceeds to step 
S707, in which, the flag XAF is set at ". After that, the process ends. In the other cases, that is, if the At st is greater 
than At th1 , but is less than At th2 , the process proceeds to step S708, in which a time-dependent change A9 in the degree 
of throttle opening is input from the engine ECU 23, and is compared with a threshold value A 9th. if A0 is not less than 
A9th, the engine 2 is in a transitional state, and therefore, the activation determining process described below cannot 
be precisely performed. Then, the process returns to step S707, so that the process starting at step S700 is repeated. 
[0092] If it is determined in step S708 that A6 is less than A9th, the air pump 12 is stopped and the ASV 13 is closed 
so as to temporarily stop the Al control (step S710). Subsequently, a difference AX between the A/F ratios before and 
after the stopping is computed from values output from the 0 2 sensor 31 (step S712). Subsequently in step S714, the 
difference AX is compared with a threshold value AXth. If a significant difference is observed between the A/F ratio 
during the Al supply and the A/F ratio during the stop, it can be considered that the A/F sensor has activated, and the 
process proceeds to step S715, in which the flag XAF is set at "1 w . After that, the process ends. Conversely, if there 
is no significant A/F ratio difference, it is considered that the A/F sensor has not activated. The flag XAF is not changed, 
but is left with "0", and the process ends. 

[0093] After the end of the determining process illustrated in FIG. 17, the process returns to step S72 in FIG. 16, in 
which the value of the flag XAF is checked. If the value is "0", the process returns to step S70 (preferably, a certain 
wait time is provided), in order to perform the determination again. If the value of the flag XAF is M -1", it is impossible 
to perform the following process using the A/F sensor. Therefore, the process immediately ends, without any further 
processing step. If the value of the flag XAF is "1", the process proceeds to step S74. 

[0094] In step S74, an exhaust secondary A/F value X 2 is read from an output of the 0 2 sensor 31 . Subsequently, a 
target secondary A/F value is computed from en intake air amount Ga measured by the air flow meter 26 (step 
S76). The values Ga and X^t have a relationship indicated in FIG. 18A. In step S78, is compared with X^. If X^ is 
greater than or equal to X 2 \, it is considered that there is sufficient supply of secondary air. Then, the process proceeds 
to step S80, in which the flag XAF for indicating a state of the system is set at "1" indicating that the system is normal. 
After that, the process ends. 

[0095] Conversely, if X 2 is less than X 2t , that means insufficient supply of secondary air. Then, the air pump 12 is 
stopped and the ASV 13 is closed so as to stop supplying secondary air (step S82). The present output of the 0 2 
sensor 31 , that is, the exhaust A/F value X 1 at the time of stop of the supply of secondary air (hereinafter, referred to 
as "primary A/F value") is input (step S84). Subsequently, a difference AX between X^ and X 1 is determined (step S86), 
and a target A/F variation A(A/F)=AXth is computed from the amount of intake air Ga measured by the air flow meter 
26 (step S88). The values Ga and AXth have a relationship indicated in FIG. 18B. Subsequently, AX is compared with 
AXth (step S90). If AX is less than or equal to A?.th, it is determined that although the amount of ejection is actually 
insufficient, the ejection pressure itself has increased due to clogging. Then, the process proceeds to step S91, in 
which the flags Xjam and Xfaildown are set at "1", and the flag XAF is set at "-1". After that, the process ends. 
[0096] The above-described process makes it possible to precisely determine a reduction in the amount of flow 
through the air pump 12 and the clogging of the piping 11 . 

[0097] Next, a fifth abnormality detecting routine will be described with reference to FIGS. 19 and 20. This abnormality 
detecting routine is performed in the secondary air supply apparatus illustrated in FIG. 1. 

[0098] FIG. 19 is a main flowchart of the fifth abnormality detecting routine. First in step S61, it is checked whether 
the Al control is being executed. If the Al control is not being executed, the process immediately ends without any 
further processing step. Conversely, if the Al control is being executed, the process proceeds to step S63, in which it 
is checked whether the engine is in an initial idling state after the startup (first idle state). 

[0099] If the present engine state is not the first idle, the process immediately ends without any further processing 
step. Conversely, if the engine state is the first idle, the process proceeds to step S70, in which an A/F sensor activation 
determining process is performed. The content of the activation determining process is illustrated in FIG. 17. After the 
activation determining process, the process proceeds to step S71, in which the value of the flag XAF is checked. If the 
value of the flag is "0", the process returns to step S70 (preferably, a certain wait time is provided), in order to perform 
the determination again. If the value of the flag is "-1", it is impossible to perform the subsequent process using the AJ 
F sensor. Therefore, the process immediately ends, without any further processing step. If the value of the flag is "1 ", 
the process proceeds to step S73. 

[0100] In step S73, cooling water temperature THW data is received from the engine ECU 23, and a normal engine 
rotation speed NE1 is computed based on a relationship indicated in FIG. 20A. 

[0101] Subsequently, AXw, that is, the A/F value that is expected to increase due the supply of secondary air, is 
computed from the cooing water temperature THW based on a relationship indicated in FIG. 20C (step S75). Subse- 
quently in step S77, the actual engine rotation speed NE is compared with NE1 . 

[0102] If NE is greater than NE1 , the process proceeds to step S79, in which Xw, that is, an estimated A/F value for 
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the esse of no secondary sir supply, is computed from the cooling water temperature THW based on a relationship 
indicated in FIG. 20B. Subsequently, an exhaust secondary A/F value a 2 is read from an output of 0 2 sensor 31 (step 
S61), and a difference A/, between X 2 snd ^ w is determined (step S53). Then, Aa is compared with AXw (step SS5). 
[0103] If Aa is greater than A/.w, it is determined that there is sufficient supply of secondary air and therefore the 
5 secondary air supply apparatus is normal. Then, the process proceeds to step S87, in which the flag XAF is set at "1". 
After that, the process ends. 

[0104] If it is determined in step S77 that NE is less than or equal to NE1, or if it is determined in step SS5 that AX 
is less than or equal to A/„w, the process proceeds to step SB9, in which the air pump 12 is stopped snd the ASV 13 
is closed so as to stop supplying secondary air. Subsequently, an exhaust primary A/F value 7^ at the time of stop of 
10 the supply of secondary air is read from -an output of the 0 2 sensor 31 (step S93), and a difference AX between ^ and 
a,w is determined (step S95). Then, Aa is compared with Aaw (step S97). 

[0105] If Aa is greater than Aaw, it is determined that there is sufficient supply of secondary air and therefore the 
secondary air supply apparatus is normal. Then, the process proceeds to step S87 t in which the flag XAF is set at "1". 
After that, the process ends. 

15 [0106] If Aa is less than Aaw, it is determined that the supply of secondary air is not sufficient and therefore the 
secondary air supply apparatus is abnormal. Then, the process proceeds to step S99, in which the flag XAF is set at 
After that, the process ends. 

[0107] In this abnormality detecting routine, if the normal state is determined using an expected AF value, that is, if 
the engine is in a good combustion state immediately following the startup, the determining process based on the 
20 forcible turning off of the secondary air supply apparatus is not performed. Therefore, emission degradation can be 
prevented or reduced. Thus, this abnormality detecting routine is preferable. 

[0108] The invention is not limited to application of the above-described abnormality detecting routines, but includes 
all the combinations thereof, and modifications, changes and improvements of the routine with a basic common idea. 
[0109] Thus, according to the foregoing embodiments of the invention, it is possible to precisely determine whether 
25 there is an abnormality, malfunction or other defective conditions in various component elements of the secondary air 
supply apparatus, that is, an air pump, an open-close valve, a check valve, a piping, etc., and, and the content of the 
abnormality and the like. Furthermore, depending on the defective condition or the like, it is possible to perform deter- 
mination at an early stage before or during the secondary air supply control. 

[0110] While the invention has been described with reference to what are presently considered to be preferred em- 
so bodiments thereof, it is to be understood that the invention is not limited to the disclosed embodiments or constructions. 
On the contrary, the invention is intended to cover various modifications and equivalent arrangements. In addition, 
while the various elements of the disclosed invention are shown in various combinations and configurations, which are 
exemplary, other combinations and configurations, including more, less or only a single embodiment, are also within 
the spirit and scope of the invention. 
35 [0111] A secondary air supply apparatus controls emissions from an engine through secondary combustion of com- 
bustible matters in exhaust gas accomplished by supplying air to an exhaust pipe upstream of an emission control 
device. A pressure behavior pattern (patterns 1 to 4) is determined from a pressure value detected by a pressure 
sensor disposed between ah air pump and an open-close valve, and a pressure variation value. The secondary air 
supply apparatus determines operational states of the air pump and the open-close valve based on variations of the 
40 pressure behavior pattern at the time of a secondary air supply control and at the time of a secondary air stop control. 



Claims 

45 1. A secondary air supply apparatus including a secondary air supply passage (11) for supplying a secondary air to 
an upstream side of an emission control device (22) in an exhaust system of an internal combustion engine (2), 
opening-closing means (13) for opening and closing the secondary air supply passage (11), and a check valve 
(14) disposed downstream of the opening-closing means (13), the apparatus characterized by comprising: 

50 a pressure sensor (15) disposed in the secondary air supply passage (11); and 

an abnormality detecting portion (1 0) that detects an abnormality of a component element based on a pressure 
value detected by the pressure sensor (15), and a pressure variation value. 

2. The secondary air supply apparatus according to claim 1 , wherein the abnormality detecting portion (10) detects 
55 a failure mode of the component element from a combination of a pressure behavior pattern occurring at a time 

of a secondary air supply control and a pressure behavior pattern occurring at a time of a secondary air supply 
stop control. 
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3. The secondary air supply apparatus according to claim 2, wherein an air pump (12) is disposed upstream of the 
opening-closing means (13), and the pressure sensor (15) is disposed at an intermediate position between the air 
pump (12) and the opening-closing means (13). 

4. The secondary air supply apparatus according to claim 3, wherein the pressure sensor (15) is an absolute pressure 
sensor, and the abnormality detecting portion (10) stores, as an atmospheric pressure, a detection value detected 
by the pressure sensor (15) immediately before a startup of the engine (2). 

5. The secondary air supply apparatus according to claim 3 or 4, wherein the abnormality detecting portion (10) 
further has a function of monitoring an amount of flow through the air pump (12) from an output value from the 
pressure sensor (15). 

6. The secondary air supply apparatus according to any one of claims 3 to 5, wherein the abnormality detecting 
portion (10) detects clogging of the secondary air supply passage (11) by detecting an ejection pressure of the air 
pump (12) while driving the air pump (12) at a time of an opening control of the opening-closing means (13) and 
at s time of a closing control of the opening-closing means (13). 

7. The secondary air supply apparatus according to any one of claims 1 to 6, further comprising an air-fuel ratio 
sensor (31, 32) disposed in the exhaust system, wherein an output of the air-fuel ratio sensor (31, 32) is input to 
the abnormality detecting portion (10). 

8. The secondary air supply apparatus according to claim 7, wherein the abnormality detecting portion (10) performs 
an abnormality determination based on a difference between an actual air-fuel ratio and a target air-fuel ratio in 
accordance with an amount of intake air. 

9. The secondary air supply apparatus according to claim 7, wherein the abnormality detecting portion (10) performs 
an abnormality determination based on a difference between en actual air-fuel ratio and an expected air-fuel ratio 
in accordance with an engine cooling water temperature. 

10. The secondary air supply apparatus according to anyone of claim 7 to 9, wherein the abnormality detecting portion 
(10) performs an abnormality determination based on a difference between an air-fuel ratio at a time of a secondary 
air supply control and an air-fuel ratio at a time of a stop control. 

11. The secondary air supply apparatus according to any one of claim 7 to 10, wherein the abnormality detecting 
portion (10) determines whether the air-fuel ratio sensor (31, 32) has activated, by forcibly temporarily turning off 
the secondary air supply control. 

12. The secondary air supply apparatus according to claim 1 , wherein the pressure sensor (15) is disposed between 
the opening-closing means (13) and the check valve (14). 

13. The secondary air supply apparatus according to claim 12, wherein the abnormality detecting portion (10) detects 
an abnormality of the check valve (14) based on the pressure variation value and the pressure value detected by 
the pressure sensor (15) while the opening-closing means (13) is in a closure control state. 

14. A method for detecting an abnormality of a secondary air supply apparatus for supplying a secondary air to an 
upstream side of an emission control device (22) in an exhaust system of an internal combustion engine (2), the 
method comprising: 

detecting a pressure value in the secondary air supply passage (11); 
calculating a variation value of the pressure value; and 

detecting an abnormality of a component element based on the pressure value and the pressure variation 
value. 

15. A method for detecting an abnormality of a secondary air supply apparatus that includes a secondary air supply 
passage (11) for supplying a secondary air to an upstream side of an emission control device (22) in an exhaust 
system of an interna! combustion engine (2), an opening-closing device (13) that opens and closes the secondary 
air supply passage (11), a check valve (14) disposed downstream of the opening-closing device (13), a pressure 
sensor (15) disposed in the secondary air supply passage (11), the method comprising: 
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detecting a pressure value in the secondary air supply passage (11); 
calculating s variation value of the pressure value; 

detecting an abnormality of £ component element based on the pressure value and the pressure variation 
value. 
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